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A B S T R A C T  
T h e  u n d e r s t a n d i n g  o f  v e n t i l a t i o n  r e q u i r e m e n t s  i n  c o m m e r c i a l  
b u i l d i n g s  h a s  b e e n  s i g n i f i c a n t l y  r e v i s e d  i n  t h e  l a s t  1 0 - 1 5  y e a r s .  
A  l i n k  b e t w e e n  h e a l t h ,  p r o d u c t i v i t y  a n d  i n c r e a s e d  f r e s h  a i r  u s e  
h a s  b e e n  e s t a b l i s h e d  b y  s o m e  r e s e a r c h  a n d  t h i s  u n d e r s t a n d i n g  
u n d e r p i n s  t h e  v e n t i l a t i o n  p h i l o s o p h y  a d o p t e d  f o r  t h e  C H
2  
b u i l d i n g .  
T h e  v e n t i l a t i o n  s y s t e m  d e s i g n  f o r  C H
2  
t h a t  h a s  b e e n  e v a l u a t e d  
i n  t h i s  p a p e r  e n v i s a g e s  a  m e c h a n i c a l l y  d r i v e n  s y s t e m  d u r i n g  t h e  
d a y ,  u s i n g  t h e  d i s p l a c e m e n t  t e c h n i q u e  t o  d i s t r i b u t e  f i l t e r e d  a i r .  A l l  
i n t r o d u c e d  a i r  w i l l  b e  d r a w n  f r o m  o u t s i d e  a n d  n o  r e c y c l i n g  o f  a i r  
w i l l  o c c u r .  N a t u r a l  v e n t i l a t i o n  w i l l  b e  e m p l o y e d  a t  n i g h t  u s i n g  t h e  
s t a c k  e f f e c t ,  e n h a n c e d  b y  t u r b i n e  v e n t i l a t o r s .  T h i s  p a p e r  c r i t i q u e s  
t h e  p r o p o s e d  v e n t i l a t i o n  s y s t e m  i n  t h e  l i g h t  o f  i n t e r n a t i o n a l  
e x p e r i e n c e  a n d  t h e  p a r t i c u l a r  c o n d i t i o n s  o f  t h e  b u i l d i n g ' s  l o c a t i o n .  
T h e  e v i d e n c e  s u g g e s t s  t h a t  n a t u r a l  v e n t i l a t i o n  s o m e t i m e s  m a y  
b e  i n a d e q u a t e  t o  a c h i e v e  t h e  d e s i r e d  o b j e c t i v e s .  M i n i m i z a t i o n  o f  
i n d o o r  p o l l u t a n t s ,  a d e q u a t e  f i l t r a t i o n  a n d  h i g h  l e v e l s  o f  v e n t i l a t i o n  
s h o u l d ,  h o w e v e r ,  e n s u r e  s a t i s f a c t o r y  a i r  q u a l i t y  d u r i n g  o c c u p i e d  
h o u r s .  
K e y w o r d s :  o f f i c e  b u i l d i n g s ,  i n d o o r  a i r  q u a l i t y ,  v e n t i l a t i o n ,  
p r o d u c t i v i t y .  
I N T R O D U C T I O N  
A  s t u d y  o f  5 6  E u r o p e a n  o f f i c e  b u i l d i n g s  f o u n d  t h a t  t h e i r  a i r  q u a l i t y  
w a s  p o o r  a n d  t h a t  t h e r e  w a s  s u b s t a n t i a l  d i s s a t i s f a c t i o n  a m o n g  
t h e  o c c u p a n t s  ( B l u y s s e n  e t  a I .  ,  1 9 9 6 ) .  T h e s e  b u i l d i n g s  w e r e  
f i t t e d  w i t h  c o n v e n t i o n a l  H V A C  s y s t e m s .  T h e  s t u d y  s u b s t a n t i a t e s  
t h e  v i e w  t h a t  m o d e r n  o f f i c e  b u i l d i n g s  w i t h  H V A C  s y s t e m s  d o  n o t  
n e c e s s a r i l y  p r o v i d e  h e a l t h y  w o r k i n g  e n v i r o n m e n t s ,  d e s p i t e  t h e  
u s e  o f  e n e r g y - i n t e n s i v e  c o n d i t i o n i n g  e q u i p m e n t  a n d  s o p h i s t i c a t e d  
c o n t r o l  s y s t e m s .  C H
2
,  c u r r e n t l y  u n d e r  c o n s t r u c t i o n  i n  M e l b o u r n e ,  
A u s t r a l i a ,  i s  h o p i n g  d e m o n s t r a t e  t h a t  i t  i s  p o s s i b l e  t o  a c h i e v e  a  
h i g h  q u a l i t y  o f f i c e  e n v i r o n m e n t  s i m u l t a n e o u s l y  w i t h  m u c h  r e d u c e d  
e n e r g y  c o n s u m p t i o n  .  T h e  o v e r a l l  d e s i g n  v i s i o n  i s  t o  " s e t  a  n e w  
i n t e r n a t i o n a l  s t a n d a r d  i n  e c o l o g i c a l l y  s u s t a i n a b l e  d e s i g n "  ( C o M ,  
2 0 0 4 )  a n d  t h e  G r e e n  B u i l d i n g  C o u n c i l  o f  A u s t r a l i a  h a s  a l r e a d y  
g i v e n  t h e  p r o p o s e d  d e s i g n  a  s i x  G r e e n  S t a r  r a t i n g .  
T h e  v e n t i l a t i o n  c o n c e p t  p r o p o s e d  f o r  t h e  C H
2  
b u i l d i n g  i s  i n  s h a r p  
c o n t r a s t  t o  t h e  c o n v e n t i o n a l  a p p r o a c h .  T h i s  d i f f e r e n c e  i s  d r i v e n  
b y  a  d e s i g n  p h i l o s o p h y  b a s e d  o n  t w o  c o n s i d e r a t i o n s .  F i r s t l y ,  
t h e  e n e r g y  u s e d  b y  a  c o n v e n t i o n a l  v e n t i l a t i o n  s y s t e m  r e q u i r e s  
e l e c t r i c i t y ,  w h i c h  i s  a  g r e e n h o u s e  i n t e n s i v e  e n e r g y  s o u r c e  i n  
V i c t o r i a .  I n s t e a d  t h e  C H
2  
b u i l d i n g  a i m s  t o  d e m o n s t r a t e  h o w  
n a t u r a l  f o r c e s  c a n  b e  u s e d  t o  a d e q u a t e l y  d r i v e  t h e  f r e s h  a i r  
t h r o u g h  t h e  b u i l d i n g .  T h e  r e s u l t  s h o u l d  b e  a  s u b s t a n t i a l  r e d u c t i o n  
i n  e n e r g y  r e q u i r e m e n t s .  T h e  o t h e r  m o t i v a t i o n  f o r  t h e  d e p a r t u r e  
f r o m  c o n v e n t i o n a l  v e n t i l a t i o n  t h i n k i n g  i s  t h e  b e l i e f  t h a t  f r e s h  a i r  i n  
b u i l d i n g s  i s  v i t a l  f o r  o c c u p a n t  h e a l t h  a n d  p r o d u c t i v i t y .  B y  i n c r e a s i n g  
t h e  l e v e l  o f  f r e s h  a i r  i n t a k e  s u b s t a n t i a l l y ,  i t  i s  b e l i e v e d  t h a t  t h e s e  
t w o  i n d i c a t o r s  w i l l  b e  i m p r o v e d .  
T h e  a i m  o f  t h i s  p a p e r  i s  t o  a s s e s s  t h e  p r o p o s e d  C H
2  
v e n t i l a t i o n  
d e s i g n  a n d  l i k e l y  a i r  q u a l i t y  i n  t h e  l i g h t  o f  i n t e r n a t i o n a l  p r e c e d e n t s  
a n d  b e s t  p r a c t i c e .  S i n c e  t h e  o f f i c e  i s  s t i l l  u n d e r  c o n s t r u c t i o n ,  n o  
m e a s u r e d  d a t a  f r o m  t h e  b u i l d i n g  i s ' a v a i l a b l e  t o  v e r i f y  p e r f o r m a n c e  
a n d  t h e  m a i n  s o u r c e  o f  i n f o r m a t i o n  h a s  b e e n  C H
2  
d e s i g n  
c o n s u l t a n t s '  r e p o r t s .  T h e r e f o r e  t h e  p r o p o s e d  d e s i g n  h a s  l a r g e l y  
b e e n  e v a l u a t e d  u s i n g  a  s e l e c t i o n  o f  t h e  d e s i g n  c o n s u l t a n t s '  
d o c u m e n t a t i o n  a n d  r e f e r e e d  l i t e r a t u r e  i n  i n t e r n a t i o n a l  j o u r n a l s .  
D e s i g n  c h a n g e s  m a d e  s u b s e q u e n t  t o  t h i s  e v a l u a t i o n  a r e  o b v i o u s l y  
n o t  c o n s i d e r e d .  S o m e  a s s e s s m e n t  o f  t h e  e f f e c t i v e n e s s  o f  p a r t i c u l a r  
a s p e c t s  o f  t h e  p r o p o s e d  d e s i g n  h a s  a l s o  b e e n  a t t e m p t e d  u s i n g  
l o c a l  d a t a .  
I n  a s s e s s i n g  t h e  v e n t i l a t i o n  s y s t e m  a n d  l i k e l y  i n t e r n a l  a i r  q u a l i t y ,  
t h i s  p a p e r  a d d r e s s e s  a  n u m b e r  o f  q u e s t i o n s .  W h a t  i s  t h e  n a t u r e  
a n d  m a g n i t u d e  o f  t h e  h a z a r d s  t h a t  c a n  b e  f o u n d  i n  a  t y p i c a l  o f f i c e  
b u i l d i n g ?  W h a t  i s  t h e  q u a l i t y  o f  t h e  o u t s i d e  a i r  b e i n g  i n t r o d u c e d  
i n t o  t h e  C H
2  
b u i l d i n g ?  H o w  w e l l  a r e  t h e  i n d i v i d u a l  c o m p o n e n t s  
l i k e l y  t o  p e r f o r m ?  W h a t  i s  t h e  e v i d e n c e  t h a t  i m p r o v e d  h e a l t h  a n d  
p r o d u c t i v i t y  w i l l  r e s u l t  f r o m  t h i s  a p p r o a c h ?  A n d  f i n a l l y ,  w h a t  h a s  
b e e n  t h e  e x p e r i e n c e  o f  u s e r s  o f  s i m i l a r  b u i l d i n g s ?  T h i s  s t u d y  
b e g i n s  w i t h  a  b r i e f  s u m m a r y  o f  t h e  p o t e n t i a l  h a z a r d s  t h a t  m a y  
n e e d  t o  b e  a d d r e s s e d  i n  t h e  C H
2  
b u i l d i n g .  S i n c e  l a r g e  q u a n t i t i e s  o f  
o u t s i d e  a i r  a r e  t o  b e  i n t r o d u c e d  i n t o  t h e  b u i l d i n g ,  t h e  q u a l i t y  o f  t h e  
a i r  i n  M e l b o u r n e ' s  c e n t r a l  b u s i n e s s  d i s t r i c t  i s  t h e n  d i s c u s s e d .  T h e  
o v e r a l l  o b j e c t i v e s  a n d  o p e r a t i o n  o f  t h e  C H
2  
v e n t i l a t i o n  s y s t e m  a r e  
t h e n  d e s c r i b e d ,  f o l l o w e d  b y  a  r e v i e w  o f  t h e  i n d i v i d u a l  c o m p o n e n t s  
a n d  t h e i r  e x p e c t e d  p e r f o r m a n c e .  F i n a l l y ,  t h e  p e r f o r m a n c e  o f  o t h e r  
b u i l d i n g s  i s  r e p o r t e d ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  i n f l u e n c e  
o f  t h e i r  v e n t i l a t i o n  s y s t e m  o n  a i r  q u a l i t y ,  a n d  t h e  h e a l t h  a n d  
p r o d u c t i v i t y  o f  t h e i r  o c c u p a n t s .  
I N D O O R  A I R  A N D  O C C U P A N T  H E A L T H  
I t  i s  l i k e l y  t h a t  i f  o c c u p a n t s  w e r e  a s  k n o w l e d g e a b l e  a b o u t  t h e  
q u a l i t y  o f  t h e  a i r  t h e y  b r e a t h e  w i t h i n  t h e i r  b u i l d i n g s  a s  t h e y  a r e  
a b o u t  t h e  f o o d  t h e y  e a t ,  t h e n  m u c h  g r e a t e r  a c t i o n  w o u l d  b e  
d e m a n d e d  t o  i m p r o v e  t h e  i n d o o r  e n v i r o n m e n t .  A  h e a l t h y  i n d o o r  
e n v i r o n m e n t  c a n  b e  d e f i n e d  i n  t e r m s  o f  s a f e  l e v e l s  o f  c h e m i c a l  ,  
b i o l o g i c a l ,  p h y s i c a l  a n d  e r g o n o m i c  h a z a r d s .  S o m e  o f  t h e  p h y s i c a l  
a n d  e r g o n o m i c  h a z a r d s  ( e . g .  n o i s e  a n d  i l l u m i n a t i o n )  a r e  n o t  
r e l e v a n t  t o  a n  a s s e s s m e n t  o f  a i r  q u a l i t y  a n d  t h e  v e n t i l a t i o n  s y s t e m .  
T a b l e  1  i n d i c a t e s  t h e  p o s s i b l e  d i s e a s e s  a n d  t h e i r  c h e m i c a l  o r  
b i o l o g i c a l  c a u s e s ,  r e l a t e d  t o  a i r  q u a l i t y ,  w h i c h  m a y  b e  e n c o u n t e r e d  
i n  b u i l d i n g s .  
T h e  A u s t r a l i a n  J o u r n a l  o f  C o n s t r u c t i o n  E c o n o m i c s  a n d  B u i l d i n g  [ V o I S ,  N o  2 ]  I  4 7  
Disease 	 Cause 
Rhinitis sinusitis 	 Molds, laser toner, carbon less copy paper, cleaning agents 
Asthma 	 Molds, laser toner, carbon less copy paper, cleaning agents 
Hypersensitivity pneumonitis Molds, moisture 
Organic dust toxic syndrome Gram-negative bacteria 
Contact dermatitis 	 Molds, laser toner, carbon less copy paper 
Contact urticaria 	 Office products, carbonless copy paper 
Eye irritation 	 Low relative humidity, volatile organic compounds, particulates 
Nasal irritation 	 Low relative humidity, volatile organic compounds, particulates 
Central nervous system symptoms 	 Volatile organic compounds, carbon monoxide, cytokines from bioaerosol exposure 
Legionnaires disease 	 Aerosols from contaminated water sources, shower heads, water faucet aerators, 
humidifiers, potable water sources (hot water heaters) 
(extracted from Table 1, ASHRAE, 2001 , Chapter 9-lndoor Environmental Health) 
Table 1: Diseases and their causes related to buildings 
In order to protect the health of building occupants, standards are the World Health Organization has published guidelines for Europe 
in place to ensure acceptable levels of contaminants (gaseous and for some gaseous contaminants, and some of those considered 
particulate) known to be harmful to human health. Many countries relevant to this study are shown in Table 2. 
and organizations have established such guidelines. For example, 
Pollutant 
Time-weighted average 
mg/m3 ppm 
Averaging 
time 
Carbon monoxide 10 B.7 Bh 
30 25.0 1 h 
Nitrogen dioxide 0.04 0.02 annual 
0.20 0.11 1 h 
Ozone 0.12 0.06 Bh 
0.20 0.10 1 h 
Formaldehyde 0.10 0.OB1 30 min 
Benzenea No save level -
a - from WHO , 2000, Chapter 5.2 Benzene 
(from Table 4, Chapter 9, ASHRAE, 2001 , - except where noted) 
Table 2: Selected gaseous contaminants and WHO recommended safe levels 
Particulate contaminates can come from natural or anthropogenic Particulates are classified into two sizes, PM10 and PM2.5, being 
sources. The former includes wind blown dust and smoke from the particle sizes that can enter the lung airways and penetrate the 
forest fires , both of which on occasions can visibly influence lung lining respectively. Some particle size diameters of interest to 
Melbourne's air quality. Particles from anthropogenic sources are this study are shown in Table 3. The large range of particle sizes 
those generated by human activities including fuel combustion from both internal and external sources illustrates the challenge for 
(e.g. motor vehicles and wood burning stoves) and industrial filtering systems in buildings. In terms of exposure levels, various 
processes. Since the CH2 building is located in a city centre, motor recommendations exist. In Australia , the recommended exposure 
vehicle particulates are of particular interest. Air pollution from standard for non-toxic inspirable dust in general should be 10 mg 
wood burning stoves is also of concern in winter in Melbourne, m·3 (NOHSC, 1995a). 
when its contribution to particulate emissions can be twice that of 
motor vehicles. 
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P a r t i c l e  d e s c r i p t i o n  
P a r t i c l e  d i a m e t e r  ( I l m )  
1 0 0  - 3 0 0
D u s t  m i t e s  
1 0  - 1 0 0
P o l l e n  
3 . 0  - 3 5
S p o r e s  
1 . 0 - 1 5 0
V e h i c l e  e m i s s i o n s  
0 . 4  - 3 . 0  
C o p i e r  t o n e r  
0 . 3  - 3 0
B a c t e r i a  
0 . 2  - 3 . 0  
B u r n i n g  w o o d  
0 . 2  - 2 . 0  
A i r  f r e s h e n e r  
0 . 1  - 4 0
C l a y  
0 . 1  - 5 . 0  
P a i n t  p i g m e n t s  
V i r u s e s  0 . 0 1  - 0 . 0 5  
( f r o m  O w e n  e t  a I . ,  1 9 9 2 ,  c i t e d  i n  A S H R A E ,  2 0 0 1 )  
T a b l e  3 :  S i z e s  o f  s e l e c t e d  p a r t i c u l a t e s  
C a r b o n  d i o x i d e ,  w h i l e  n o t  a  p o l l u t a n t ,  c a n  b e  h a r m f u l  a t  h i g h  l e v e l s  
( > 3 5 0 0 0  p p m )  d u e  t o  o x y g e n  d i s p l a c e m e n t .  A t  l o w e r  l e v e l s ,  i t  
i s  a l s o  u s e d  a s  a n  i n d i c a t o r  o f  i n d o o r  a i r  q u a l i t y .  T h e  E u r o p e a n  
D e s c r i p t i o n  
H i g h  i n d o o r  a i r  q u a l i t y  
M e d i u m  i n d o o r  a i r  q u a l i t y  
A c c e p t a b l e  i n d o o r  a i r  q u a l i t y  
L o w  i n d o o r  a i r  q u a l i t y  
( s o u r c e :  O l e s e n ,  2 0 0 4 )  
s t a n d a r d  o r g a n i s a t i o n ,  C E N ,  h a s  e s t a b l i s h e d  l e v e l s  o f  C O
2  
a b o v e  
t h e  o u t s i d e  l e v e l ,  w i t h  a n  a s s o c i a t e d  q u a l i t a t i v e  d e s c r i p t i o n  o f  t h e  
a i r  q u a l i t y  ( T a b l e  4 ) .  
C O
2  
a b o v e  t h e  o u t s i d e  l e v e l  

( p p m )  

<  o r  = 4 0 0  
4 0 0  - 6 0 0  
6 0 0  - 1 0 0 0  
> 1 0 0 0  
T a b l e  4 :  L e v e l s  o f  C O
2  
a n d  a s s o c i a t e d  a i r  q u a l i t y  l e v e l  
T h e  A u s t r a l i a n  J o u r n a l  o f  C o n s t r u c t i o n  E c o n o m i c s a n d  B u i l d i n g  [ V o I 5 ,  N o  2 ]  I  4 9  
MELBOURNE AIR QUALITY 
A study has shown that the daily mortality from ambient air 
pollution in Melbourne is increasing (EPA, 2000). The strongest 
relationships between various pollutants and this increase were 
for ozone and nitrogen dioxide. A primary source of this pollution 
is the emissions from motor vehicles. Since the CH2 building is 
located in the heart of the city and will be drawing large quantities 
of outside air into the building, the quality of that air is crucial 
to the health and well-being of the CH2 occupants. The closest 
EPA outdoor air quality monitoring station to the CH2 building is 
located approximately 750 metres away on the roof of an inner 
city university building. The air sampling height is 19 metres above 
ground level. The normal sampling height is six metres, but there 
are apparently no vertical gradients at the RMIT site (EPA, 2001). 
Pollutant Units Averaging 
Period 
Ozone ppm 1 hour 
Carbon Monoxide ppm 8 hours 
Nitrogen Dioxide ppm 1 hour 
Particulates (PM1o) fl91m-3 1 day 
PM25 fl91m-3 1 day 
* No recommended guideline values, n.a. indicates 'not available' 
An indication of inner city Melbourne's air quality may be obtained 
from the EPA's annual air monitoring tables (EPA, 2004a). Table 
5 shows the maximum levels of the four pollutants cited in the 
EPA's mortality study and measured at the RMIT site in 2003. Also 
shown in the table is the EPA's policy objective. While maximum 
measured levels of ozone, carbon monoxide and nitrogen dioxide 
met the EPA's outdoor air quality policy objective, PM10 particulate 
levels exceeded that level. PM10 particles are of major concern 
because they penetrate the respiratory system, with the finer 
particles (PM2.5) penetrating more deeply into the lungs. These 
include dust, soot, pollen, asbestos and many other chemicals. 
Exposure to particles increases the risk of death from heart and 
lung disease. Particles can carry carcinogenic materials to the 
lungs. They can also exacerbate asthma and other chronic lung 
conditions. 
Maximum EPA WHO 
Measured Objective Guideline 
Level Values 
0.093 0.10 0.06 (8 hrs) 
3.9 9.0 8.73 
0.069 0.12 0.114 
279.4 50 * 
n.a. 25 * 
Table 5: Maximum levels of four ambient air pollutants measured at RMIT site in 2003 
Future air quality goals have also been set for Melbourne in 
terms of the number of days when pollution levels exceed certain 
allowances. In 2003, the ozone and particulate goals for 2008 were 
not met. The bush fires and dust storms during this period have 
been cited for these excesses (EPA, 2004b). Whatever the cause 
- and these are both naturally occurring events - the incoming 
air into the CH2 building may be in excess of EPA objectives. In 
addition, both the CH2 and the monitoring station are in close 
proximity to the main road through the heart of Melbourne. The 
access of private vehicles to this road has been relaxed in recent 
times, following a period of restrictions, and it is possible that traffic 
and therefore emissions in the city centre will increase if traffic 
levels return to their pre-restricted levels. Motor vehicles currently 
account for 16% of PM10 airborne particles. 
THE CH2 VENTILATION SYSTEM 
System objectives 
The main design objective of the CH2 ventilation system is to 
avoid recycling any air into the offices. The air entering the offices 
is to be both 100% fresh and filtered . In addition, the quantity of 
introduced fresh air will be substantially higher than required by 
the Australian Standard. Another goal of the system is to avoid the 
mixing of fresh and stale air within the occupied spaces. 
System overview 
The CH2 ventilation system can be characterized as 'mechanically 
driven' during the day and 'naturally driven' at night - i.e. ventilation 
is achieved by wind , stack and buoyancy effects. During the day, 
fresh air is drawn from the roof level (i.e. from approximately 38 
metres above street level and travels down ducts located on the 
south side of the building). Some conditioning of the ventilation air 
takes places prior to its delivery to the offices. The displacement 
system supply temperature is to be 20°C and depending on 
the outside air temperature, the ventilation air will be heated or 
cooled to this temperature by heat exchangers. The air will then 
be passed through filters prior to its entry into the offices at a low 
velocity (1.5 m S-1 m-2) through controllable vents in the floors. The 
minimum fresh air requirement has been set at 22.5 I S-1 m-2 to 
suit an occupancy level of one person for every 15 m2• Assuming 
a mean office height of 2.9 m, there will be 1.9 air changes per 
hour (ACH-1 ). Natural convection forces are used to move the air 
upward through the office spaces to vents in the ceiling. The stale 
air will be exhausted through ducts located on the north side of the 
building. Wind turbines are assumed to assist the exhaust process. 
Figure 1 shows the movement of air at office level schematically. 
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At night, one of the strategies employed to simultaneously cool 
the internal fabric of the building in summer and introduce fresh air 
into the building is night purging. The windows will be automatically 
opened at night when outside air temperatures are between 19 
and 21 °C. The area of open window, found necessary for optimal 
cooling, is 25 m2 per floor (AEC, 2003). Air entering the building at 
night will not be filtered. 
SYSTEM COMPONENTS 
The ventilation system in the CH2 building comprises a number of 
components. These are now described and their contribution to the 
efficacy of the system as a whole is discussed. 
Air intakes 
The position and height of the fresh air intake has a direct bearing 
on the quality of the fresh air introduced into the building. If the 
air intake is placed in an area of high concentration of polluted 
air, then it is likely that indoor levels will reflect this, irrespective 
of the quality of the filtering system. The impact of the location of 
air intake on a naturally ventilated building located close to a busy 
urban road was investigated by wind tunnel experiments (Green 
et aI. , 2001). The authors found that by locating the intakes on the 
non-roadside of the building, maximum concentrations of tracer 
gas were 50% lower than for roadside locations. They also found 
that irrespective of wind direction roof-mounted intakes resulted in 
significantly lower concentrations. Concentrations at the first floor 
level, however, were only 5% lower than at the street level. 
The analysis of Melbourne's inner city air quality, described earlier, 
indicates that on some occasions the level of certain pollutants can 
exceed desirable levels. The fresh air intakes for the CH2 building 
are located approximately 38 metres above street level and 
therefore concentrations of all pollutants should be lower than EPA 
city measurements. However, in the case of the toilets, fresh air 
enters from the outside via louvres and for the lower storeys of the 
building potentially this could mean that air with an unacceptable 
level of pollutants could be admitted to these areas on occasions. 
Ventilation air intake positions should also be carefully sited with 
respect to the cooling towers. Although the cooling of the CH 
building is by an indirect system and the cooling tower water nows 
in a closed loop, drift of droplets from cooling towers may enter 
the building , particularly when the windows are open. According 
to NOHSC (1989), drift must be eliminated or at least reduced to 
0.02% of the circu lated water. 
Wind turbines 
Six wind-assisted extraction vanes or turbines are to be mounted 
on top of the north fayade to assist in drawing stale air out of 
the office spaces. These units are to be 3.5 m high and custom 
designed for the CH2 building. At night when wind conditions are 
favourable, the turbines will be used to assist the flow of air during 
night purge operations. At the time of this evaluation, no details 
of their design or performance were available and therefore a 
critical assessment is not possible. The concept of improving 
ventilation efficiency using turbine ventilators, however, is not new. 
West (2001) reports favourably on the use of the stack effect and 
wind driven long volume turbines (LVTs) on the Science Precinct 
Building of the University of New South Wales to assist ventilation, 
where there is a "good, constant wind source". However, no 
building performance data was reported for the NSW building. 
Some research literature reports the performance of these 
devices themselves. Lai (2003) discusses the performance of 
the common turbine ventilator on extraction rates, following 
wind tunnel experiments. Unfortunately the wind velocity range 
(10-30 m s" ) used by that author is not representative of central 
Melbourne, so the research has limited value. The average 
long-term wind velocity in Melbourne is in the range of 2.6-3.3 m 
s·, (Roy and Miller, 1981). Wind velocity will increase with height 
according to the 'seventh-root' law and at 40 m the velocity will 
be approximately 4 m s". At the lowest velocity (10 m s") used 
by Lai (2003), the induced velocity increased from approximately 
60 m3 h" (with no ventilator) to 140 m3 h" for a 0.5 m diameter 
turbine ventilator. The total office volume in the CH building is 
. 	 2 
approximately 28,000 m3. Using six wind turbines, as proposed, 
each unit would be required to induce 4667 m3 h" for an air change 
rate of 1.0. Assuming that the output of the proposed 3.5 m high 
turbines is proportional to the 0.5 m unit, the best achievable ach" 
would be 0.2 at a wind speed of 10 m s" . 
Air filters 
High efficiency filters are capable of removing 95% of particles 
with an aerodynamic diameter of 0.03 !lm and can reduce the 
total indoor concentration of particles of this size by a factor of 10 
to 15 (Fisk and Rosenfeld , 1997). Filters may be flat or pleated. 
The former are suitable to collect large particles and can be made 
of a variety of materials (glass, synthetic or vegetable fibres, or 
animal hair). Pleated filters use smaller fibres and can collect 
smaller particles. However, used filters, while removing particles 
from the passing air, can also pollute that air instead of cleaning 
it. According to Clausen (2004), a "used filter in a ventilation 
system can have an adverse impact on perceived air quality, 
SBS symptoms, and performance of office work". Bluyssen et al. 
(2003) state that filters are one of the main sources of pollution, 
particularly odours, in normal ventilation systems. Those authors 
also concluded from a study of the literature that it was still unclear 
what causes sensory pollution from filters. One clear finding was 
that the water content of the filters emerged as a clear factor 
contributing to microbial growth. A series of experiments on filters 
by Bluyssen et al. (2003), performed as part of the European 
AIRLESS project found that: 
• 	Iow temperature (below 0°) and high humidities (>80%) may 
produce odour intensities. 
• 	micro-organisms were not the main pollution sources in filters, as 
measured by sensory emissions. 
• glass fibre filters had less sensory emission than cellulose. 
• 	new filters (3 days old) emitted higher odours than 33 day old 
filters. As filters age, the pollution level increases again. 
• 	there was no statistical difference in odour intensity or VOC 
emissions between filters subject to continuous or intermittent 
flow. 
• an increase in airflow did not change odour intensity. 
All of the air entering the CH2 building is to be passed through 
primary and secondary filters. This means that the concentrations 
of many of the particulates of outside origin (see Table 3) 
introduced into the CH2 displacement ventilation system may be 
greatly reduced . Precise details of the filtering system to be used in 
the CH2 building were unavailable at the time of writing this study, 
so it is not possible to comment on the likely efficacy of the system, 
but average arrestance rates of >90% have been specified. 
Ducting 
Ductwork, both new and old, will pollute air passing through 
it. The cause and extent of the pollution will depend on the 
manufacturing process, the type of ducting used and the length 
and design of the system. Concentrations of dust in ductwork will 
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p r o v i d e  t h e  c o n d i t i o n s  f o r  t h e  g r o w t h  o f  m i c r o o r g a n i s m s .  T h e s e  
c o n c e n t r a t i o n s  a r e  d e t e r m i n e d  b y  t h e  q u a n t i t y  o f  d u s t  i n  t h e  
p a s s i n g  a i r ,  w h i c h  i s  a  f u n c t i o n  o f  t h e  f i l t r a t i o n  s y s t e m .  T h e  v e l o c i t y  
o f  t h e  a i r  w i l l  d e t e r m i n e  t h e  d e p o s i t i o n  r a t e  a n d  t h e  d u c t  g e o m e t r y  
w i l l  d e t e r m i n e  w h e r e  d e p o s i t i o n s  o f  d u s t  w i l l  a c c u m u l a t e .  D u s t  w i l l  
a d h e r e  t o  a n y  s u r f a c e  f i l m  o f  o i l ,  i f  t h i s  h a s  b e e n  u s e d  i n  t h e  d u c t  
m a n u f a c t u r i n g  p r o c e s s .  I f  t h e  w a t e r  c o n t e n t  o f  t h e  p a s s i n g  a i r  i s  
h i g h ,  t h e  o p p o r t u n i t y  f o r  m i c r o b i a l  g r o w t h  i s  i n c r e a s e d .  T h e  l o n g e r  
t h e  d u c t w o r k ,  t h e  w o r s e  t h e  p o l l u t i o n  a t  t h e  o u t l e t  e n d  a n d  s m o o t h  
d u c t i n g  w i l l  b e  s u p e r i o r  t o  a n y  s p i r a l l y  w o u n d  o r  f l e x i b l e  v a r i e t i e s .  
A l l  o f  t h e  f r e s h  a i r  e n t e r i n g  t h e  C H
2  
b u i l d i n g  i s  d r a w n  d o w n  t h r o u g h  
d u c t i n g  o n  t h e  s o u t h  s i d e  o f  t h e  b u i l d i n g  a n d  t h e n  d i s t r i b u t e d  
i n t o  t h e  o f f i c e s  v i a  c o n t r o l l a b l e  v e n t s .  A  d e t a i l e d  e v a l u a t i o n  o f  
t h e  C H
2  
d u c t i n g  s y s t e m  w a s  n o t  p o s s i b l e  f r o m  t h e  i n f o r m a t i o n  
a v a i l a b l e  a t  t h e  t i m e  o f  t h i s  s t u d y .  T a b l e  4  o f  B l u y s s e n  e t  a l .  ( 2 0 0 3 )  
s u g g e s t s  f i f t e e n  s t r a t e g i e s  t o  e n s u r e  t h e  d e s i g n  a n d  o p e r a t i o n  o f  
a  g o o d  d u c t i n g  s y s t e m ,  i n c l u d i n g  u s i n g  a  m a t e r i a l  t h a t  d o e s  n o t  
u s e  o i l  i n  t h e  m a n u f a c t u r i n g  p r o c e s s  o r  e m i t  p o l l u t a n t s ,  a n d  h a s  
a  s m o o t h  i n t e r i o r  s u r f a c e .  S h a r p - e d g e d  c u r v e s  ,  t r a n s i t i o n  p i e c e s  
o r  s e l f - t a p p i n g  s c r e w s  i n  w a l l s  o f  d u c t s  s h o u l d  b e  a v o i d e d  t o  
p r e v e n t  c o n d e n s a t i o n  p o i n t s .  F l e x i b l e  d u c t i n g  s h o u l d  b e  a v o i d e d ,  
i f  p o s s i b l e ,  a n d  i n s u l a t i o n  s h o u l d  b e  o n  t h e  o u t s i d e  o f  a n y  d u c t i n g .  
F i n a l l y ,  c o n t a m i n a t i o n  o f  t h e  d u c t i n g  s h o u l d  b e  a v o i d e d  d u r i n g  t h e  
c o n s t r u c t i o n  p r o c e s s .  
B u i l d i n g  m a t e r i a l s ,  p a i n t ,  f u r n i t u r e  a n d  f i t t i n g s  
S o m e  a s p e c t s  o f  t h e  C H
2  
b u i l d i n g  h a v e  b e e n  a d d r e s s e d  
s p e c i f i c a l l y  t o  r e d u c e  t h e  h a z a r d s  l i s t e d  i n  T a b l e  1 .  F o r  
e x a m p l e ,  " a l l  m a t e r i a l s  u s e d  i n  C H
2  
a r e  b e i n g  s u b j e c t e d  t o  a  
f u l l  e n v i r o n m e n t a l  a u d i t  t o  e n s u r e ,  a m o n g  o t h e r  t h i n g s ,  t h a t  
l o w  v o l a t i l e  o r g a n i c  c o m p o u n d  m a t e r i a l s  a r e  u s e d  i n  p r o d u c t s  
s u c h  a s  c a r p e t s ,  p a i n t s  a d h e s i v e s  a n d  s e a l a n t s "  ( C o M ,  2 0 0 4 ) .  A  
c o m p r e h e n s i v e  d a t a b a s e ,  b a s e d  o n  r e p l i e s  t o  a n  e n v i r o n m e n t a l  
p e r f o r m a n c e  q u e s t i o n n a i r e  o f  m a t e r i a l  a n d  p r o d u c t  s u p p l i e r s ,  h a s  
b e e n  e s t a b l i s h e d  t o  g u i d e  m a t e r i a l  s e l e c t i o n  d e c i s i o n s  ( D e s i g n l n c ,  
2 0 0 3 ) .  A l l  i n p u t  d a t a  w i l l  b e  a u d i t e d  b y  t h e  C S I R O  a n d  t h e  o u t c o m e  
w i l l  b e  u s e d  a s  t h e  b a s i s  f o r  f i n a l  p r o d u c t  s e l e c t i o n .  A t  t h e  t i m e  
o f  t h i s  a s s e s s m e n t ,  n o  d e c i s i o n s  o n  p a r t i c u l a r  p r o d u c t s  r e l e v a n t  
t o  t h i s  s t u d y  h a d  b e e n  m a d e .  S i n c e  t h e  b u i l d i n g  i s  t o  b e  n a t u r a l l y  
v e n t i l a t e d  a t  n i g h t ,  i t  i s  p o s s i b l e  t h a t  t h e  b u i l d i n g  f a b r i c  a n d  
f u r n i s h i n g s  m a y  a c t  a s  s i n k s  f o r  i n c o m i n g  p o l l u t a n t s .  
I n d o o r  p l a n t s  t o  a b s o r b  V O C s  
P o t t e d  p l a n t s  w i l l  b e  p a r t  o f  t h e  ' s y s t e m '  u s e d  i n  t h e  C H
2  
b u i l d i n g  
t o  r e d u c e  c o n t a m i n a n t s  i n  t h e  i n d o o r  a i r .  R e s e a r c h  i n  A u s t r a l i a  
h a s  d e m o n s t r a t e d  t h e  a b i l i t y  o f  c e r t a i n  p l a n t s  a n d  t h e i r  p o t t i n g  
m i x  t o  r e d u c e  t h e  c o n c e n t r a t i o n  o f  V O C s  i n  e n c l o s e d  s p a c e s  
( W o o d  e t  a I . ,  2 0 0 2 ) .  I n  e x p e r i m e n t s  c o n d u c t e d  i n  t e s t  c h a m b e r s ,  
S p a t h y p h y l l u m  w a l l i s i  ( P e t i t e  P e a c e  L i l i e s )  w e r e  s h o w n  t o  r e d u c e  
c o n c e n t r a t i o n s  o f  b e n z e n e  f r o m  2 5  p p m  t o  a l m o s t  z e r o  o v e r  2 - 3  
d a y s .  D r a c a e n a  d e r e m e n s i s  ( J a n e t  C r a i g )  w e r e  a l s o  o b s e r v e d  t o  
r e d u c e  n - h e x a n e  l e v e l s  f r o m  1 0 0  p p m  t o  a p p r o x i m a t e l y  7 0  a n d  
1 0  p p m  i n  2 . 5  a n d  1 1  d a y s  r e s p e c t i v e l y .  A l t h o u g h  t h e  a u t h o r s  d i d  
n o t  s h o w  t h e  n a t u r a l  d e c a y  r a t e  o f  t h e  t w o  V O C s  i n  t e s t  c h a m b e r s  
w i t h o u t  p l a n t s  o r  g r o w i n g  m e d i u m ,  l e a k  t e s t s  w e r e  c o n d u c t e d  t o  
c o r r e c t  f o r  c h a m b e r  l e a k a g e .  T h e  V O C  r e m o v a l  r a t e  w a s  f o u n d  t o  
v a r y  w i t h  s p e c i e s .  F o r  b e n z e n e ,  t h e  h i g h e s t  r a t e  o f  6 8 6  m g  m , 3  d ' 1  
p e r  m
2  
o f  l e a f  a r e a  w a s  a c h i e v e d  b y  t h e  D r a c a e n a  d e r e m e n s i s .  F o r  
n - h e x a n e ,  H o w e a  f o r t e r i a n a  ( K e n t i a  p a l m )  r e m o v e d  4 0 3 2  m g  m , 3  
d ' 1  p e r  m
2  
o f  l e a f  a r e a ,  a l m o s t  d o u b l e  t h a t  a c h i e v e d  b y  t h e  n e x t  
b e s t  p e r f o r m i n g  s p e c i e s ,  S p a t h y p h y l l u m  w a l l i s i .  
T h e  n u m b e r  a n d  t y p e  o f  p o t t e d  p l a n t s  p r o p o s e d  f o r  u s e  i n  t h e  C H
2  
b u i l d i n g  h a d  n o t  b e e n  d e c i d e d  a t  t h e  t i m e  o f  t h i s  s t u d y .  T h e  l e v e l s  
o f  b e n z e n e  a n d  n - h e x a n e  u s e d  b y  W o o d  e t  a l .  ( 2 0 0 2 )  w e r e  2 5  p p m  
( 8 0  m g  m ' 3 )  a n d  1 0 0  p p m  ( 3 5 3  m g  m , 3 ) ,  w h i c h  w e r e  f i v e  a n d  t w o  
t i m e s  t h e  A u s t r a l i a n  m a x i m u m  a l l o w a b l e  o c c u p a t i o n a l  e x p o s u r e  
c o n c e n t r a t i o n  ( N O H S C ,  1 9 9 5 b ) .  N - h e x a n e  i s  a n  i n d o o r  p o l l u t i o n  
s o u r c e  e m a n a t i n g  f r o m  f u r n i s h i n g s ,  c l e a n i n g  a g e n t s ,  c o s m e t i c  a n d  
c l o t h e s .  S o m e  o f  t h e s e  ( f u r n i s h i n g  a n d  c l e a n i n g  a g e n t s )  c a n  b e  
l i m i t e d  b y  i n i t i a l  d e s i g n  a n d  o n - g o i n g  m a n a g e m e n t  d e c i s i o n s  m a d e  
f o r  C H
2
•  B e n z e n e  w i l l  m a i n l y  c o m e  f r o m  v e h i c l e  e m i s s i o n s  a n d  
p o s e s  a  g r e a t e r  h a z a r d  b e c a u s e  o f  t h e  b u i l d i n g ' s  l o c a t i o n  a n d  t h e  
i n g r e s s  o f  u n f i l t e r e d  a i r  a t  n i g h t .  P l a n t s  w i t h  t h e  g r e a t e s t  a b i l i t y  t o  
a b s o r b  b e n z e n e  w o u l d  t h e r e f o r e  b e  t h e  m o s t  a p p r o p r i a t e  c h o i c e .  
P E R F O R M A N C E  O F  N O N - A I R  C O N D I T I O N E D  
O F F I C E  B U I L D I N G S  
T h e  C H
2  
b u i l d i n g  u s e s  a  m e c h a n i c a l l y  d r i v e n  v e n t i l a t i o n  s y s t e m  
d u r i n g  t h e  d a y  a n d  a  n a t u r a l l y  d r i v e n  s y s t e m  a t  n i g h t .  T h e r e  i s  n o  
r e c y c l i n g  o f  a i r  ( i . e .  a l l  v e n t i l a t i o n  a i r  i s  o u t s i d e  a i r ) .  T h e  t o i l e t ­
b a t h r o o m s  i n  t h e  b u i l d i n g  a r e  n a t u r a l l y  v e n t i l a t e d  a t  a l l  t i m e s .  
C o m p a r i s o n  w i t h  o f f i c e  b u i l d i n g s  w i t h  s i m i l a r  s y s t e m s  i s  t h e r e f o r e  
a p p r o p r i a t e  i n  t e r m s  o f  a i r  q u a l i t y ,  h e a l t h  a n d  p r o d u c t i v i t y .  
A i r  q u a l i t y  
F o r  a n  i n i t i a l  p e r s p e c t i v e  o n  t h e  l e v e l s  o f  T V O C  c o n c e n t r a t i o n s  
i n  a l l  t y p e s  o f  o f f i c e  b u i l d i n g ,  t h e  w o r k  o f  B r o w n  e t  a l .  ( 1 9 9 4 )  i s  
u s e f u l .  T h e s e  a u t h o r s ,  r e v i e w i n g  5 0  o v e r s e a s  s t u d i e s ,  f o u n d  
t h a t  t h a t  t h e  c o n c e n t r a t i o n s  o f  t o t a l  v o l a t i l e  o r g a n i c  c o m p o u n d s  
( T V O C s )  a r e  g e n e r a l l y  a p p r e c i a b l y  h i g h e r  i n  e s t a b l i s h e d  r e s i d e n t i a l  
d w e l l i n g s  c o m p a r e d  t o  o f f i c e  b u i l d i n g s  ( T a b l e  6 ) .  T h e  r e a s o n s  
f o r  t h i s  d i f f e r e n c e  w e r e  u n k n o w n .  T h e  c o n c e n t r a t i o n s  i n  n e w  a n d  
' c o m p l a i n t '  b u i l d i n g s  o f  b o t h  t y p e s  w e r e  h i g h e r  a n d  o f  s i m i l a r  l e v e l s  
t h a n  i n  e s t a b l i s h e d  b u i l d i n g s .  A l t h o u g h  t h e  n u m b e r  o f  o f f i c e s  i s  
c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  n u m b e r  o f - r e s i d e n t i a l  b u i l d i n g s ,  t h e  
d a t a  s u g g e s t s  t h a t  o f f i c e  w o r k e r s  a r e  m o r e  l i k e l y  t o  b e  e x p o s e d  t o  
m o r e  h a r m f u l  a i r  i n  t h e i r  o w n  h o m e s  t h a n  i n  t h e i r  w o r k p l a c e .  
T h e  A u s t r a l i a n  J o u r n a l  o f  C o n s t r u c t i o n  E c o n o m i c s  a n d  B u i l d i n g  [ V o I 5 ,  N o  2 ]  I  5 3  


Building Type No. of Buildings TVOCWAGM 
(/lg m·3) 
Residential 
- Established 1081 1130 
- New 33 4500 
- Complaint 14 520 
Office 
- Established 60 180 
- New 1 4150 
- Complaint 51 490 
(source: derived from Brown et aI., 1994) 
Table 6: Comparison ofTVOC concentrations in established , new and complaint residential and office buildings 
When various studies of buildings specifically using natural Fresh air at whatever rate may be delivered by a mechanical or 
venti lation were reviewed, the findings are mixed. For natural ventilation system. Both of these methods of air delivery 
example, Hedge et al. (1989) found no statistical differences in are employed in the CH2 building. The findings related to the 
concentrations of carbon dioxide and monoxide, ozone and total system of fresh air delivery are mixed. In their comparison 
oxidants in two office buildings with different ventilation systems. between an air conditioned and adjacent naturally ventilated 
However, concentrations of formaldehyde, VOCs and respirable office cited previously, Hedge et al. (1989) found that health 
particulates were higher in the building with the HVAC system. impacts were significantly lower in the naturally ventilated office, 
although no significant correlation could be found between the 
Three offices in central London and one in a rural location, all pollutant concentrations and symptom prevalence. There was 
naturally ventilated, were evaluated by Phillips et al. (1993). some significance with feeling ill and formaldehyde levels. The 
Although the offices of the CH2 building are mechanically ventilated measurements of the indoor climate in 14 town halls were made 
during the day with filtered and conditioned air, the results of the in Copenhagen and compared with results of a questionnaire 
study are indicative of air quality in the toilets during the day and study of over 4000 employees (Skov and Valbjorn , 1987). No 
the potential levels of contaminants occurring in the building at statistical difference could be established between the naturally 
night. Carbon dioxide levels exceeded 1000 ppm in all of the ventilated and mechanically ventilated buildings, although the 
monitored offices at some time during the day over the two-month lowest prevalence of mucosal irritation and work-related general 
monitoring period. Carbon monoxide levels ranged from 1.9-5.4 symptoms were found in the oldest town halls. This latter finding 
ppm, which was 36-76% of the outdoor level. The lowest value appears to support the conclusion of Brown et al. (1994) cited 
was measured in the rural location . Peak levels corresponded to earlier. By contrast, another comparison between an air­
periods of peak traffic. NOx levels followed a similar trend to CO conditioned and a naturally ventilated building (Parat et aI. , 1997) 
levels and peak values ranged from 0.11-0.137 ppm (23-68% of found that air microbial content was significantly higher and more 
outdoor level) for the three city offices. Ekberg (1996) confirms variable in the latter building . In addition, the fungal content of 
these higher values of indoor-outdoor level ratios. For an ach naturally ventilated building was strongly dependent on outside 
of 1.9 h·1, Ekberg demonstrated that the ratio of indoor peak levels, while that in the air-conditioned building was relatively 
concentration to outdoor peak concentration can be as high as 0.6, constant. No difference could be observed in various gaseous 
assuming a triangle concentration pulse, indoor pollution sources pollutants. 
and sinks to be zero and no filtration, for a mechanically ventilated 
building. Higher ventilation levels have been associated with reduced 
sick leave (Milton et aI. , 2000). These authors analysed the sick 
Health leave over one year for some 3700 employees in a large US 
manufacturer and found consistent associations of increased sickFisk (2002) refers to a study that found that there was a 35% leave with lower levels of outdoor air supply, but the reasons forreduction in short-term absence in buildings with higher venti lation 
this were not clear. The authors also found an association betweenrates. Another study cited by Fisk (2002) suggested "that a 10 cfm humidification and increased sick leave, which they suggest may(5 I S·1 ) per person increase in ventilation rates would decrease be due to the longer survival rate of common respiratory pathogensprevalences of the most common SBS symptons by one-third on in a more humid environment. average." Even higher ventilation rates have been advocated now 
for good health (Wargocki et aI. , 2002a). In a review of 105 papers 
Productivitythe effects of ventilation on health, comfort and productivity in non­
industrial indoor environments, a multidisciplinary group concluded It should be noted that office productivity is a complex topic 
that outdoor air supply rates below 25 I S·1 per person increase and there are many factors which can impact on workplace 
the risk of SBS symptoms and short-term sick leave. The rate performance. Ventilation and indoor air quality are only two 
proposed for the CH2 building is 22.5 I S·1 per person, which while contributory factors along with temperature, noise, light, stress, 
considerably higher than current Australian building standards morale, workload and management. Isolating the effect of 
requirements , is still 10% lower than some current thinking in ventilation and air quality alone is therefore difficult. Reviewing 
Europe. the linkages between improved environmental conditions and 
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p r o d u c t i v i t y ,  F i s k  a n d  R o s e n f i e l d  ( 1 9 9 7 )  a l s o  c a u t i o n  t h a t  m u c h  o f  
t h e  r e s e a r c h  i s  f r o m  l a b o r a t o r y  e x p e r i m e n t s  a n d  t h e i r  r e l e v a n c e  
t o  " r e a l - w o r l d  s e t t i n g s  i s  u n c e r t a i n " .  F o r  e x a m p l e ,  W a r g o c k i  e t  
a l .  ( 2 0 0 2 b )  d e m o n s t r a t e d  t h e  s i g n i f i c a n c e  o f  p o l l u t i o n  l o a d s  o n  
s i m u l a t e d  o f f i c e  w o r k .  S o m e  m o r e  r e c e n t  m e a s u r e m e n t s  i n  c a l l  
c e n t r e s  a p p e a r s ,  h o w e v e r ,  t o  c o n f i r m  t h e  l i n k  b e t w e e n  a i r f l o w  
r a t e  a n d  t h e  p r o d u c t i v i t y  o f  t h e  w o r k e r s  i n  t h a t  t y p e  o f  w o r k p l a c e .  
T h a m  ( 2 0 0 4 )  f o u n d  t h a t  i n c r e a s i n g  t h e  s u p p l y  o f  o u t d o o r  a i r  a t  
2 4 . 5
0
C  f r o m  5  t o  1 0  I  S  · 1  p e r  p e r s o n  d e c r e a s e d  t h e  t a l k  t i m e  o f  
c a l l - c e n t r e  w o r k e r s  i n  a  t r o p i c a l  c o u n t r y  s i g n i f i c a n t l y ,  c o m p a r e d  t o  
a  s u p p l y  t e m p e r a t u r e  o f  2 2 . 5 ° C .  T h e  i m p a c t  o n  t h e  p r o d u c t i v i t y  o f  
2 6  n o r t h e r n  E u r o p e a n  c a l l - c e n t r e  o p e r a t o r s  o f  a  v a r i a b l e  a i r f l o w  
r a t e ,  i n  c o n j u n c t i o n  w i t h  c l e a n  a n d  u s e d  a i r  f i l t e r s ,  w a s  i n v e s t i g a t e d  
b y  W a r g o c k i  e t  a l .  ( 2 0 0 4 ) .  R e p l a c i n g  a  u s e d  f i l t e r  w i t h  a  c l e a n  f i l t e r  
r e d u c e d  t a l k - t i m e  b y  a b o u t  1 0 %  a t  t h e  h i g h  f l o w  r a t e  b u t  h a d  n o  
s i g n i f i c a n t  e f f e c t  a t  a  l o w e r  r a t e .  T a l k - t i m e  i n c r e a s e d  b y  8 %  w i t h  
a  u s e d  f i l t e r  a n d  h i g h  f l o w  r a t e ,  b u t  d e c r e a s e d  b y  6 %  w i t h  a  c l e a n  
f i l t e r .  T h e s e  f i n d i n g s  a r e  p e r h a p s  o f  s i g n i f i c a n c e  t o  t h e  o p e r a t i o n  o f  
t h e  C H
2  
b u i l d i n g  a i r  f i l t e r  s y s t e m .  
C O N C L U S I O N S  
S i n c e  t h e  b u i l d i n g  h a s  y e t  t o  b e  c o m p l e t e d ,  c o m m i s s i o n e d  a n d  
o c c u p i e d ,  c o n c l u s i o n s  a b o u t  t h e  e f f e c t i v e n e s s  o f  t h e  v e n t i l a t i o n  
s t r a t e g y  a n d  i t s  i m p a c t  o n  o c c u p a n t  h e a l t h  a r e  n e c e s s a r i l y  
s p e c u l a t i v e .  H o w e v e r ,  c l e a n  f r e s h  a i r  i n  a d e q u a t e  q u a n t i t i e s  i s  
c l e a r l y  r e q u i r e d  f o r  h u m a n  h e a l t h  a n d  p e r c e i v e d  w e l l  b e i n g  .  T h e  
d a y t i m e  f r e s h  a i r  s u p p l y  f o r  t h e  C H
2  
o f f i c e s  w i l l  b e  p r o v i d e d  b y  
a  m e c h a n i c a l  s y s t e m  a t  a  r a t e  o f  2 2 . 5  I  S · 1  p e r  p e r s o n ,  w h i c h  i s  
s l i g h t l y  l o w e r  t h a n  c u r r e n t l y  a d v o c a t e d  i n  E u r o p e  b u t  s i g n i f i c a n t l y  
h i g h e r  t h a n  r e q u i r e d  b y  c u r r e n t  b u i l d i n g  s t a n d a r d s  i n  A u s t r a l i a .  
I n  t h e  t o i l e t s  a n d  a t  n i g h t ,  h o w e v e r ,  v e n t i l a t i o n  o f  t h e  o f f i c e s  w i l l  
b e  i n d u c e d  b y  n a t u r a l  m e a n s .  V e n t i l a t i o n  o f  t h e  o f f i c e s  a t  n i g h t  i s  
m a i n l y  r e q u i r e d  f o r  c o o l i n g ,  r a t h e r  t h a n  t h e  r e m o v a l  o f  p o l l u t a n t s  
a n d  v e n t i l a t i o n  e f f e c t i v e n e s s  a t  n i g h t  m a y  n o t  i n f l u e n c e  a i r  q u a l i t y  
d u r i n g  t h e  d a y t i m e .  H o w e v e r ,  r e m o v a l  o f  o d o u r s  a n d  p a r t i c u l a t e s  
f r o m  t h e  i n c o m i n g  a i r  i n  t h e  t o i l e t s ,  e s p e c i a l l y  t h o s e  n e a r  g r o u n d  
l e v e l ,  m a y  b e  i n a d e q u a t e  i f  n a t u r a l  v e n t i l a t i o n  a l o n e  i s  u s e d .  
H i g h  l e v e l s  o f  v e n t i l a t i o n  a r e  n o w  o f t e n  a d v o c a t e d  t o  i m p r o v e  
i n d o o r  a i r  q u a l i t y ,  h e a l t h  a n d  p r o d u c t i v i t y .  H o w e v e r ,  a  s u r v e y  o f  
5 6  H V A C  o f f i c e  b u i l d i n g s  i n  n i n e  c o u n t r i e s  a l l  o v e r  E u r o p e  f o u n d  
t h a t  a l t h o u g h  t h e r e  w a s  a n  a v e r a g e  v e n t i l a t i o n  r a t e  o f  2 5  I  S · 1  p e r  
p e r s o n ,  n e a r l y  3 0 %  o f  o c c u p a n t s  a n d  5 0 %  o f  v i s i t o r s  s t i l l  f o u n d  
t h e  a i r  u n a c c e p t a b l e  ( B l u y s s e n  e t  a l .  1 9 9 6 ) .  H i g h  v e n t i l a t i o n  
r a t e s  a l o n e  a r e  t h e r e f o r e  n o  g u a r a n t e e  o f  a c c e p t a b l e  i n d o o r  a i r  
q u a l i t y .  T h e  s a m e  s t u d y  c o n c l u d e d  t h a t  t h e  m a t e r i a l s ,  f u r n i s h i n g s  
a n d  a c t i v i t i e s  i n  t h e  o f f i c e  a n d  t h e  v e n t i l a t i o n  s y s t e m  i t s e l f  w e r e  
t h e  i m p o r t a n t  s o u r c e s  o f  a i r  p o l l u t i o n ,  n o t  t h e  o c c u p a n t s .  T h e  
m e a s u r e s  t a k e n  t o  r e d u c e  t h e  i n t e r n a l  s o u r c e s  o f  p o l l u t i o n  i n  
C H
2  
s u c h  a s  l o w  e m i s s i o n  f i t t i n g s  a n d  t h e  u s e  o f  p l a n t s  t o  a b s o r b  
p o l l u t a n t s  s h o u l d  b e  e f f e c t i v e  a n d  t h e r e f o r e  t h e  m a j o r  s o u r c e  o f  
p o l l u t a n t s  w i l l  b e  e x t e r n a l .  G i v e n  i t s  i n n e r  c i t y  l o c a t i o n  a n d  t h e  
p o s s i b i l i t y  o f  e x c e s s  p a r t i c u l a t e  l e v e l s ,  t h e  e f f i c a c y  o f  t h e  f i l t e r i n g  
s y s t e m  w i l l  t h e r e f o r e  b e  a  m a j o r  d e t e r m i n a n t  i n  i n d o o r  a i r  q u a l i t y .  
E v i d e n c e  f o r  r e d u c e d  s i c k n e s s  d u e  t o  h i g h e r  v e n t i l a t i o n  r a t e s  
d o e s  n o t  a p p e a r  t o  b e  c o n c l u s i v e .  I n  t h e  s t u d y  o f  o v e r  6 5 0 0  o f f i c e  
w o r k e r s ,  B l u y s s e n  e t  a l .  ( 1 9 9 6 )  c o u l d  n o t  e s t a b l i s h  a  c o r r e l a t i o n  
b e t w e e n  t h e  o c c u p a n t s '  h e a l t h . a n d  t h e i r  a c c e p t a b i l i t y  o f  t h e  a i r  
q u a l i t y ,  a l t h o u g h  t h e r e  w a s  a  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  
p e r c e p t i o n s  o f  a i r  q u a l i t y  a n d  m e a s u r e d  v e n t i l a t i o n  r a t e s .  I n  t e r m s  
o f  a  d i r e c t  l i n k  b e t w e e n  v e n t i l a t i o n  a n d  p r o d u c t i v i t y ,  t h e  e v i d e n c e  
i s  t o  d a t e  m a i n l y  f r o m  e x p e r i m e n t s ,  r a t h e r  t h a n  m e a s u r e d  d a t a  
f r o m  r e a l - l i f e  c o n d i t i o n s .  S o m e  m e a s u r e d  p r o d u c t i v i t y  g a i n s  
a m o n g s t  c a l l - c e n t r e  w o r k e r s  h a v e  b e e n  l i n k e d  t o  a i r f l o w  r a t e ,  b u t  
n o t  n e c e s s a r i l y  a t  h i g h  l e v e l s .  T h e  e f f e c t  o f  v e n t i l a t i o n  r a t e  o n  
p e r f o r m a n c e  i s  t h e r e f o r e  n o t  i n d e p e n d e n t  o f  o t h e r  f a c t o r s  s u c h  a s  
t e m p e r a t u r e  a n d  f i l t e r  s y s t e m  c o n d i t i o n .  P r o d u c t i v i t y  i n c r e a s e s  w i l l  
b e  a c h i e v e d  i n d i r e c t l y  i f  t h e r e  i s  l e s s  s i c k n e s s - r e l a t e d  a b s e n c e .  
T h e  c u r r e n t  e v i d e n c e  s u g g e s t s  t h i s  i s  l i k e l y  t o  b e  t h e  m a j o r  b e n e f i t  
o f  t h e  v e n t i l a t i o n  s y s t e m  p r o p o s e d  f o r  t h e  C H
2  
b u i l d i n g  .  
R E F E R E N C E S  
A E C  ( 2 0 0 3 ) ,  A i r c o n d  D e s i g n  S t r a t e g y ,  A d v a n c e d  E n v i r o n m e n t a l  
C o n c e p t s  P t y  L t d  ,  N o r t h  S y d n e y ,  N S W  
A S H R A E  ( 2 0 0 1 ) ,  F u n d a m e n t a l s  H a n d b o o k  ( S I ) ,  A m e r i c a n  S o c i e t y  
o f  H e a t i n g ,  R e f r i g e r a t i o n  a n d  A i r c o n d i t i o n i n g  E n g i n e e r s ,  A t l a n t a .  
B l u y s s e n ,  P . M . ,  d e  O l i v e i r a  F e r n a n d e s ,  E . ,  G r o e s ,  L . ,  C l a u s e n ,  
G . H . ,  F a n g e r ,  P . O . ,  V a l b j o r n ,  0 . ,  B e r n a r d ,  C A  a n d  R o u l e t ,  C A  
( 1 9 9 6 ) ,  ' E u r o p e a n  i n d o o r  a i r  q u a l i t y  a u d i t  p r o j e c t  t o  o p t i m i z e  i n d o o r  
a i r  q u a l i t y  a n d  e n e r g y  c o n s u m p t i o n  i n  o f f i c e  b u i l d i n g s ' ,  I n d o o r  A i r  
J o u r n a l ,  v o l . 6 ,  p p . 2 2 1 - 3 3 8 .  
B l u y s s e n ,  P . M . ,  C o x ,  C . ,  S e p p a n e n ,  0 . ,  d e  O l i v e i r a  F e r n a n d e s ,  
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C I T Y  O F  M E L B O U R N E  R E S P O N S E  
R e a d i n g  a  d e t a i l e d  a n a l y s i s  o f a i r  q u a l i t y  c a n  b e  a  b i t  l i k e  r e a d i n g  
f i n e  p r i n t  o n  t h e  p o t e n t i a l  s i d e - e f f e c t s  o f s t a n d a r d  p r e s c r i p t i o n  
m e d i c i n e  - w i t h o u t  a  s t r o n g  s e n s e  o f p e r s p e c t i v e  i t  c a n  s o u n d  
a l a r m i n g ,  e v e n  w h e n  t h e  c h a n c e s  o f a n y  s u c h  e f f e c t s  a r e  r e m o t e  
i n  t h e  e x t r e m e .  A y e  a n d  F u l l e r ,  i n  t h e i r  p a p e r  o n  C H
2  
' s  p r o p o s e d  
v e n t i l a t i o n  s y s t e m ,  r a i s e  a  s e r i e s  o f p o i n t s  t h a t  s i m i l a r l y  m u s t  b e  
r e a d  i n  c o n t e x t  a n d  w i t h  p e r s p e c t i v e .  
F o r  i n s t a n c e ,  A y e  a n d  F u l l e r  m a k e  r e p e a t e d  r e f e r e n c e s  t o  t h e  
q u a l i t y  o f  o u t d o o r  a i r  e n t e r i n g  t h e  C H
2  
t o i l e t s  a n d  t h e  p o t e n t i a l  f o r  
u n d e s i r a b l e  o d o u r .  T h e y  s a y  o u t s i d e  a i r  m a y  o n  o c c a s i o n  e x c e e d  
t a r g e t s  f o r  P M 1 0  p a r t i c l e s  a n d  t h a t  d u r i n g  2 0 0 3 ,  p o t e n t i a l l y  a t  t h e  
t i m e  o f  b u s h f i r e s  a n d  d u s t - s t o r m s ,  t h e y  e x c e e d e d  t h e  2 0 0 8  g o a l  f o r  
o z o n e  a n d  p a r t i c u l a t e s .  
W h i l e  t h i s  m a y  b e  t h e  c a s e ,  t h e  p e r s p e c t i v e  m u s t  b e  a p p l i e d  
t h a t  m o r e  t h a n  6 0 0 , 0 0 0  p e o p l e  i n  t h e  C i t y  o f  M e l b o u r n e  e v e r y  
w e e k  d a y  b r e a t h e  t h i s  v e r y  s a m e  a i r  - s o m e  o f  t h e m  a l l  d a y  
l o n g  - a n d  t h a t  s t a f f  a r e  u n l i k e l y  t o  l i n g e r  f o r  e x t e n d e d  p e r i o d s  
i n  t h e  o f f i c e  t o i l e t s .  F u r t h e r m o r e ,  t h e  s a m e  a i r  h a s  b e e n  u s e d  t o  
n a t u r a l l y  v e n t i l a t e  t h e  C i t y  o f M e l b o u r n e ' s  C o m m o n w e a l t h  B a n k  
B u i l d i n g  o f f i c e s  f o r  m a n y  y e a r s ,  w i t h  n o  p a r t i c u l a r  h i s t o r y  o f o d o u r  
c o m p l a i n t s .  T h e  C H
2  
t o i l e t s  c l o s e s t  t o  g r o u n d  l e v e l ,  w h i c h  t h e  
a u t h o r s  a r e  m o s t  w a r y  o f ,  w i l l  b e  m e c h a n i c a l l y  r a t h e r  t h a n  n a t u r a l l y  
v e n t i l a t e d .  P e o p l e  e n j o y i n g  j u s t  o n e  c u p  o f  c o f f e e  a t  a n y  o f  t h e  
c i t y ' s  p l e t h o r a  o f  o u t d o o r  c a f e s  c a n  e x p e c t  t o  i n h a l e  a  g r e a t  m a n y  
m o r e  p o l l u t a n t s  t h a n  t h e y  a r e  l i k e l y  t o  e n c o u n t e r  i n  r e g u l a r  v i s i t s  t o  
a  C H
2  
b a t h r o o m .  
A y e  a n d  F u l l e r  a c k n o w l e d g e  t h e i r  p a p e r  i s  b a s e d  o n  r e a d i n g s  
t a k e n  f r o m  a n  a i r  q u a l i t y  m o n i t o r i n g  s t a t i o n  1 9  m e t r e s  a b o v e  
g r o u n d  ( r a t h e r  t h a n  C H
2  
' s  d e s i r a b l e  3 8  m e t r e s )  a n d  7 5 0  m e t r e s  
a w a y .  H o w e v e r  i t  i s  i m p o r t a n t  t o  u n d e r s t a n d  t h i s  s t a t i o n  i s  a b o u t  
s e v e n  c i t y  b l o c k s  d i s t a n t  i n  a n  a r e a  m u c h  c l o s e r  t o  w i d e  b u s y  
r o a d s  t h a n  t h e  n a r r o w  a n d  o f t e n  c l o s e d - o f f  s t r e e t s  s u r r o u n d i n g  
C H
2
•  T h e  n e a r e s t  m a i n  r o a d  t o  C H
2  
i s  B o u r k e  S t r e e t ,  w h i c h  i n  v e r y  
r e c e n t  t i m e s  h a s  b e e n  s u b s t a n t i a l l y  a n d  p e r m a n e n t l y  c l o s e d  t o  a l l  
b u t  t r a m  t r a f f i c  i n  t h e  v i c i n i t y  o f  C H
2
•  T o  r e i n t r o d u c e  s i g n i f i c a n t l y  
m o r e  t r a f f i c  t o  S w a n s t o n  S t ,  a s  a l l u d e d  t o  b y  t h e  a u t h o r s ,  i s  a  v e r y  
l o n g  b o w  t o  d r a w .  I t  w o u l d  r e q u i r e  t h e  r e m o v a l  o f  m i l l i o n s  o f d o l l a r s  
i n  s t r e e t  i n f r a s t r u c t u r e ,  t h e  r e v e r s a l  o f  l o n g - h e l d  C o u n c i l  p o l i c y  a n d  
t h e  r i s k i n g  o f  a  r e n a i s s a n c e  i n  p e d e s t r i a n  a n d  r e t a i l  a c t i v i t y  i n  t h e  
s t r e e t ,  a s  m e a s u r e d  i n  1 0  y e a r s  o f  a w a r d - w i n n i n g  r e s e a r c h .  
I n  r e g a r d s  t o  t h e  q u a l i t y  o f  t h e  b u i l d i n g ' s  a i r  f i l t e r s ,  t h e  C i t y  o f  
M e l b o u r n e  h a s  a  r i g o r o u s  m a i n t e n a n c e  p r o g r a m  f o r  a l l  i t s  b u i l d i n g s  
t h a t  i s  w e l l  w i t h i n  t h e  A u s t r a l i a n  s t a n d a r d s  - a n d  t h i s  m o s t  c e r t a i n l y  
e x t e n d s  t o  r e g u l a r l y  m e a s u r i n g  i n d o o r  a i r  q u a l i t y  a n d  r o u t i n e l y  
c l e a n i n g  a n d  r e p l a c i n g  a i r  f i l t e r s .  
A y e  a n d  F u l l e r  d r a w  o n  t w o  s t u d i e s  - o n e  i n  1 9 8 7  a n d  o n e  i n  
1 9 9 7  - t o  q u e s t i o n  w h e t h e r  n a t u r a l l y  v e n t i l a t e d  o r  m e c h a n i c a l l y  
v e n t i l a t e d  b u i l d i n g s  a r e  p r e f e r a b l e .  A p a r t  f r o m  t h e  f a c t  t h i s  b e g s  
t h e  q u e s t i o n  w h y  t h e r e  a r e  n o t  a  g r e a t  m a n y  m o r e  s t u d i e s  o n  t h e  
s u b j e c t ,  i t  a l s o  s h o u l d  b e  r e a d  i n  c o n t e x t .  A p a r t  f r o m  t h e  t o i l e t s ,  
C H
2  
i s  n o t  a n d  n e v e r  w a s  i n t e n d e d  t o  b e  a  n a t u r a l l y  v e n t i l a t e d  
b u i l d i n g .  I t  w i l l  b e  v e n t i l a t e d  b y  f i l t e r e d  a i r ,  w i t h  o u t d o o r  a i r  b e i n g  
u s e d  o n l y  o n  c o o l  n i g h t s  w h e n  t h e  b u i l d i n g  i s  e m p t y  a n d  a s  a n  
e n e r g y  s a v i n g  t e c h n i q u e  o n l y .  
F u r t h e r  c l a r i f i c a t i o n  i s  a l s o  r e q u i r e d  f o r  t h e  a u t h o r s '  r e f e r e n c e  t o  
h i g h e r  v e n t i l a t i o n  r a t e s  i n  C H
2  
b e i n g  c o n s i d e r a b l y  h i g h e r  t h a n  
A u s t r a l i a n  s t a n d a r d s  b u t  b e l o w  s o m e  c u r r e n t  t h i n k i n g  i n  E u r o p e .  
C e r t a i n l y  t h e  C H
2  
d e s i g n  t e a m  b e l i e v e s  t h e  h i g h e r - t h a n - s t a n d a r d  
v e n t i l a t i o n  r a t e s  w i l l  h e l p  s t a f f  b e  m o r e  e f f e c t i v e  a t  w o r k ,  b u t  i t  
e x p e c t s  t h e  s y s t e m  t o  p r o v i d e  f a r  g r e a t e r  b e n e f i t s  b y  m i n i m i z i n g  
a i r  m i x i n g  b e t w e e n  o c c u p a n t s  w o r k i n g  i n  t h e  s a m e  a r e a .  T h i s  
m e a n s  w o r k e r s  w i l l  b e  m u c h  l e s s  e x p o s e d  t o  t h e  s e a s o n a l  c o l d s  
a n d  f l u  p a s s e d  b y  t h e  m i x e d  a i r  c o m m o n  t o  m o s t  o t h e r  A u s t r a l i a n  
o f f i c e  b u i l d i n g s .  I t  i s  t h r o u g h  t h i s  a n d  a  p l e t h o r a  o f o t h e r  f a c t o r s  
- c e r t a i n l y  n o t  v e n t i l a t i o n  r a t e s  a l o n e  - t h e  d e s i g n e r s  e x p e c t  t o  
r e d u c e  s i c k n e s s  i n  t h e  w o r k p l a c e .  
I n  r e l a t i o n  t o  p r o d u c t i v i t y ,  t h e  a u t h o r s  m a k e  a  p o i n t  w i t h  w h i c h  
t h e r e  c a n  b e  l i t t l e  d i s a g r e e m e n t .  T e m p e r a t u r e ,  n o i s e ,  l i g h t ,  
s t r e s s ,  m o r a l e ,  w o r k l o a d  a n d  m a n a g e m e n t  a l l  h a v e  a  p a r t  t o  p l a y  
a l o n g s i d e  v e n t i l a t i o n  a n d  i n d o o r  a i r  q u a l i t y  o n  t h e  s a t i s f a c t i o n  
a n d  p r o d u c t i v i t y  o f  w o r k e r s .  T o  t h a t ,  t h e  C H
2  
d e s i g n  t e a m  w o u l d  
a d d  a  p l e t h o r a  o f  o t h e r  f a c t o r s :  t h e  m a t e r i a l s  u s e d ,  o f f i c e  l a y o u t ,  
a e s t h e t i c s ,  t h e  a b i l i t y  t o  c o n t r i b u t e  a n d  w o r k p l a c e  v a l u e s  a r e  j u s t  
a  f e w .  
U l t i m a t e l y ,  C H
2  
w a s  d e s i g n e d  t o  r e f l e c t  t h e  p l a n e t ' s  e c o l o g y ,  w h i c h  
i s  a n  i m m e n s e l y  c o m p l e x  s y s t e m  o f  i n t e r r e l a t e d  c o m p o n e n t s .  J u s t  
a s  i t  i s  i m p o s s i b l e  t o  c o m p l e t e l y  a s s e s s  t h e  r o l e  o f  a n y  p a r t  o f  t h i s  
e c o l o g y  w i t h o u t  r e f e r e n c e  t o  t h e  w h o l e ,  C H
2  
c o m p r i s e s  m a n y  p a r t s  
t h a t  w o r k  t o g e t h e r  t o  c r e a t e  a  h a r m o n i o u s  e n v i r o n m e n t .  C o n t e x t  
a n d  p e r s p e c t i v e  m u s t  b e  a p p l i e d  a t  e v e r y  s t e p  o f  t h e  w a y .  
T h e  A u s t r a l i a n  J o u r n a l  o f  C o n s t r u c t i o n  E c o n o m i c s  a n d  B u i l d i n g  [ V o I S ,  N o  2 ]  I  5 7  
